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Summary

A technique employing Fourier transform infrared (FTIR) spectrophotome-
try and the circle cell attachment was found to be useful for quantitating
the amount of water solubilized in heptane by reverse micelles of dioctyl
sodium sulfosuccinate. Use of FTIR spectrophotometry and the diffuse
reflectance attachment to evaluate surface complexation resctions resulting
from compression processes was less successful.

Work was initiated on the catalysis of diisopropyl fluorophosphate
(DFP) decomposition by o-iodosobenzoic acid. This catalysis is insignifi-
cant in aqueous media unless a cationic surfactant is included at a concen-
tration in excess of its critical micelle concentration. Although a substan-
tial increase. in DFP decomposition rate can be achieved, use of this system
in the formulation of topical protectants will require that the problem of
dermal irritation be solved. :




FOREWORD

In conducting research using animals, the investigator(s) adhered to
the "Guide for the Care and Use of Laboratory animals,” prepared by the

. Committee on Care and Use of Laboratory Animals of the Institute of Laborato-

ry Animal Resources, National Research Ccuncil (NIH Publication No. 86-23,

'Reviséd 1985).

Citations of commercial organizations and trade names in this report do
not constitute an official Department of the Army endorsement or approval of
the products or services of these organizations,
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_continuous surfaces and has been used in these laboratories to follow the

. pounds can be quantitated in aqueous solution.
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Analysis by Fourier Transform Infrared Spectrophotometry

Introduction

The college has recently acquired a Nicolet SDXB Fourier transform
infrared (FTIR) spectrophotometer. This instrument has proven to be extreme-
ly useful for the evaluaticn of unusual samples (compared to a typical dis-
persive infrared spectrophotometer) since the high energy available in the .
sample compartment .allows such techniques as diffuse reflectance '(DRIFTS)
and attenuated total reflectance (ATR) to be accomplished routinely. Pow-
dered saad crystalline materials cen, for example, be analyzed for identity
in -as-received condition, using DRIFTS. Such confirmation of raw material
identity is required for all materials that are to be incorporated into a
drug product by the federally-mandated Good Manufacturing Practices regula-
tions. ATR is a suvface analysis technique that is applicable to smooth,

loss of plasticizer from plastic containers at elevated temperature (person-
al communication with Dr. J.K. Guillory). The circle cell employs a varia-
tion of ATR wherein the crystal is formed into a smooth cylinder that re-
sides at the center of the liquid to be analyzed. Using this cell, com-

The use of infrared (IR) spectrophotometry for quantitative purposes
was limited at best until the advent of FTIR. Although IR spectrophotometry
is inherently less sensitive then ultraviolet (UV) spectrophotometry since
vibrational and rotational transitjons are being observed as opposed to
electronic transitions, the limited qiantitative use was mostly a function
of the available instrumentation. Infrared sources are hot-wire emitters.
While the output from these sources is directly proportional to temperature,
the life of the source is inversely related to temperature. The IR energy
output that can realistically be obtained from any given source is therefore
limited. Further, common IR detectors, whether thermocouple, thermistor, or .
pyroelectric, have relatively high noise compared to the phototubes used in’
UV spectrophotometry. In a normal dispersive IR spectrophotometer, the

‘problems of an energy-limited source and a noise-limited detector are made

worse by the monochromator and slit system that is requ{red to isolate nar-
row wavelength regions of the incident radiation.

In an FTIR spectrophotometer, the monochromator/slit system is replaced
by a Michelson interferometer. This device allows all wavelengths of radia-
tion to impinge on the sample simultaneously. Absorption of radiation by
the sample yields a particular interference pattern or interferogram. This
interferogram is the time-domain equivalent of the frequency-domain spectrum
that, is obtained with a dispersive IR spectrophotometer. :-Application of the
Fourier transform to the interferogram yields theé normal frequency-domain
spectrum. Additional information on the design and operation of a Michelson
interferometer can be found in Griffiths Fourier Transform Infrared Spectrom-
eter (1).

Two important advantages result from the use of an interferometer-based
instrument to collect absorption data, these generally being referred to as
Jacquinot's Advantage and Fellgett's Advantage. The. former states that the
throughput of radiation from the source to the detector can be quite high
(i.e. efficient) since it is determined solely by the size of the optics.
With an interferometric technique, the optics can be quite large since they
are not being used to isolate regions of the spectrim. Fellgett's Advantage
arises from the fact that each datum point in the interferogram contains a | B

~
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contribution from every frequency present in the incident radiation. In
simplest terms, this means that there will be more information about the
interaction between the sample and the incident radiation in an inter-
ferogram, and thus the crrresponding frequency-domain spectrum, than there
is in a spectrum obtained by wavelength isolation. More exactly, the sig-
nal-to-noise ratio of a spectrum measured by FTIR spectrophotometry will be
greater than the signal-to-noise ratio of a spectrum obtained with a disper-
sive IR spectrophotometer {f the resolution, scurce, detector, optical
thrcughput and modulation frequency are all equal. This advantage {s in-
creased by the ability to co-add successive interferograms pricr to perform-
+ing the Fourier transform. It has been shown that the magnitude of the
sample-induced signal increases directly with the number of scans (N) while .
a truly random noise signal increases in magnitude as the N. Therefore,
co-addition of N scans, with subsequent normalization of the signal level,
results in an increase in the signal-to-noise ratio by a factor of N.

These improvements in throughput and signal-to-noise ratio are responsible
for making IR spectrophotometry a viable tool for quantitative analysis.
This, in conjunction with the specificity afforded by analysis in the 'R
region, has resulted in the development of specislized attachments, such as
those mentioned previously, to handle a wide variety of samples.

It was learned (2) that military usage of *opical drug products imposes
requirements that are not applicable to typical consumer products. For in-
stance, the preparation must: not cause corrosion or malfunction of equip-
ment that the individual may be expected to use; not increase the visibility

"of the individual to IR scanning devices; maintain its desired chemical and
physical properties over a larger than normal temperature range; be light
and compact for ease of carrying; and be easy to apply and remove under
field conditions. The requirement of stability over an expanded temperature
range is especially troublesome for topical products since such products are
usually multiple-phase systems (emulsions and suspensions). It was also
learned (2) that the U.S.' Army Medical Research and Development (ommand
(USAMRDC) was interested in the various ways that raw material and/or prod-
uct specifications could be established using FTIR spectrophotometry such
that identity, visibility to scanning devices, drug content and so for+th .

.could be simultaneously determined. It was agreed that these investigators
would both explore such avenues and develop the technical competence of the
laboratory workers in the use of this instrument.

Usually, topical preparations are powders, suspensions or emulsions.
Both oil-in-water and water-in-oil emulsions are common. To initiate the
development of analytical methods employing FTIR spectrophotometry, two
projects were devised that had relevance to topical formulations.. The first
project’ involved the analysis of the interaction between components of solid
formulations that resulted from mechanical processing. The second project
involved the quantitative analysis of the internal phase of an emulsion.

Interactions between drugs and dosage form excipients sare frequently
observed and widely reported in the pharmaceutical literature. The term
"intaraction" is used here in the broadest sense and may encompass adsorp-
tion, complexation, salt formation, or chemical reaction. Such interactions
may occur during the manufacture or use of the product and are of obvious
concern since they may result in inactivation of the drug. The classical
example of this 13 the interaction cf tetracycline and related drugs with:
divalent and trivalent metal ions in the stomach to form nonabsorbable che-
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lates (3-16).' While this problem is normally caused by the simultaneous

' ingestion of drug and either dairy products (4-6,8) or antacids (7,9,13),

the same problem can exist if dicalcium phosphate, a common excipient (d{lu-
ent) in compressed tablets, is incorporated along with tetracycline in the
dosage form. Although this latter interaction can obviously occur in the
stomach, it can also occur during the manufacturing process {f a wet granula-
tion procedure is used.

~ Interactions between various compounds and polyvinylpyrrolidone have
been reported to occur in the solid state (14-24). The analyses of the

- interaction products were not performed totally in the solid state, however, '

thus leaving some question about when the repnsted intera:tions actually
occurred. DRIFTS seemed to be an appropriate way to analyze these claims
since the surfaces of the materials in the powdered state could be analyzed
directly. These interactions are of interest bhecause they were reported to
have occurred as a result of typical manvfacturing operations (high speed
mixing, grinding, and compression); operations that would be necessary to
manufacturo a topical pcwder.

The analysis of water'content in pharmaceutical preparations {s fre-
quently per‘ormed by Karl Fisher titration which is a time-consuming and
tedious process. Since water-in-ofl emulsions are iikely vehicles for che
types of barvier formulations discussed (2), it is advantageous to develop
more convenient methods for analyzing water content in these systems. It
was thought that FTIR spec.rophotometry in conjunction with the circle cell
attachment might prove to be such a method and this was. investigated with a

. simplified formulation model.

Experimental Methods

One and one-half (1.5) grams of acetaminophen (Sigma Chemical Company,
Inc., St. Louis, MD) were gently but thoroughly mixed (no grinding) with 4.5
grams of pclyvinylpyrrolidone (approximate molecular weight of 24,000, Al-
drich Chemical Company, Inc., Milwaukee, WI) to make 6.0 grams of powder for
compression. Five hundred (500) milligrams of this powder (weighed) was
placed into a KBr punch and die (Perkin-Elmer Corp., Norwalk, CT) and the
assembly was placed between the platens of a hydraulic laboratory press
(Pasadena Hydraulics Model P-21, El Monte, CA). Compression pressures were
either 87.8, 176, 263, or 351 MPa and compression dwell time was 90 sec-
onds. Aftet-the compression process, the tablet was removed from the punch
and die and gently broken apart.

Fifty milligrams of each of che previously compressed powders was indi-
vidually mixed (no grinding) with 250 mg of dry spectral grade KBr (Fisher
Scientific, Chicago, IL). These samples were, in turn, transferred to the
sample cup of the DRIFTS attachment (Spectra-Tech, Inc., Stamford, CT) and
carefully leveled. Samples were scanned 200 times over the 4400 cm™! to
600 cm™! range, using a Nicolet 5DXB FTIR (Nicolat Instrument Co., Madi-
son, WI). A resolution of 4 cm™! and a gain of 8 were.employed through-
out. The sample compartment was continuously purgad with dry air and the
single beam sample spectra were divided by the single beam spectrum of pure
KBr.
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Seventean and one-tenth (17.1) grams of dioctyl sodium sulfosuccinate
(Aerosol OT, Fisher Scientific, Chicago, IL) was dissolved in 171 grams of
heptane (HPLC grade, Fisher Scientific, Chicago, I.) to make a 10.0% w/w
- solution. Various quantities (0.0, 0.30, 0.60, 0.90, 1.20, 1.50, 1.80,
2.10, 2.40, 2.70, and 3.00) of double-distilled water were pipetted into
25.0 oL portions of the surfactant in heptane solution and then briaefly
sonicated. After accounting for the changa in volume, the concentraticns of
water were: 0.0, 1.19, 2.34, 3.47, 4.58, 5.66, 6.72, 7.75, 8.76, 9.75, .and
'10.71% v/v. Approximately 5 mL of each solution was, in turn, poured intc
the circle cell (Spectra-Tech, Inc., Stamford, CT) and analyzed. Each infra-
rud absorbance spectrum was obtained with a Nicolet SDXB FTIR and a dry air
purge of the sample compartment was employed. Each spectrum encompassed the
4600 cm™! to 1800 cm™! region and was the result of 200 co-addsd scans
(4 c»”} resclution, gain equal to 4). The single beam sample spectra were
divided by the singla beam spectrum of the empty cell. . The limits for peak
integration were 3771.5 cm”! to 3082.4 cm™!.

Results and Discussion

The possibility of manufacturing procedures causing undesired changes
in the physical or chemical state of the drug must always be evaluated.
Solid state interactions are difficult to verify since most analysis tech-
niques are not applicable to intact pcwders. If DRIFTS could be successful-
ly used for such purposes, it would simplify the quality control procedures
for topical powders. Acetaminophen and polyvinylpyrrolidone were selected
becauses literature precedent indicated that interaction in the solid state
vas likely. )

Compression of a 1:3, weight ratio, mixture of acetaminophen and polyvi-
nylpyrrolidone resulted in a new peak at 1610 cm~! and an enhanced peak at
1561 cm™! comrared to the uncompressed pliysical mixture (Figure 1). Nei-
ther of the reactants' spectra showed these festures, as demonstrated in
Figure 2. Spectra obtained by mathematicaily adding the individual spectra
(both uncompressed material and single component ccmpressed material) resem-
ble the spectrum of the physical mixturs as opposed to that of the com-
pressed mixture. Some early success was obtained in corielating the area
under the 1610 cm™' peak to compression pressure but the relationship
proved impossible to duplicate. When high compression pr:issures were used,
acetaminophen alone also yielded a small peak at 1610 cm~!. Since the
araa under this peak was substartially smaller than that for the compressed
mixture at the same pressura, it was thought that this peak was an artifact
resulting from the well-known dependence of DRIFTS on particle size and
shape (25-29). It is possible, of course, that the peak at 1610 <m~' that
occurred when the physically mixed cumponents were compressed was also an
artifact resulting from changes in particle morphology vpon compression.
The appearance of this peak at lower compression pressure and the larger
size of the peak tended to indicate that some surface {nteraction did occur
in the solid state between acetaminophen and polyvinylpyrrolidone. This
conclusion cannot be definitively proven at this time.

The dependence of LRIFTS upon particle size and shape (25-29) i:s not
surprising. In normal transmission spectroscopy, distortions in relative
band intensities occur if samples are not uniform in thickness and reason-
ably homogeneous (25). Assuming that the DRIFTS sample cup is raproducibly
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filled, the effective pathlength is related to the path that the incident
radiation takes through the powder bed (26). Particle size and shape may
have a further effect in that the collection efficiency of the reflected
radiation may change (26). Finally, it is necessary to distinguish between
diffuse reflectance and specular reflectance. Diffuse reflectance refers to
the reflection of radiation that has penetrated some distance into the solid
particle before being reflected. The intensities of the varicus wavelengths
of radiation are therefore different {n the reflected radiation as a result
of the various atsorbances of the sample material. Specular reflsctance
refers to radiation which has been reflected from the particle surface with-
out entering the surface. This reflocted radiation is not greatly changed
from the incident radistion. Although DRIFTS attachments are designed to
sinimize the specular component, specular reflectance remains a source of
spectrum distortion if the sauple absorbance is too high (26,27).

Although it has not besn & problem to date, the dependencs of DRIFTS on
particle size and mo_phology can be expected to pose problems aven when '
performing single-component quality control (identity) screens on incoming
rov materials if those materisls are subject to batch-to-batch differences
in particle morphology. A common axample of this is starch. As a possible
solution to this problem, the use of a photoacoustic cell for the FTIR is
being investigated. Photoacoustic spectra exhibit changes in overall inten-
sity with surface aresa, but the changes in relative band intensity frequent-
ly seon in DRIFTS spectrs with changes in particle diameter and lh.p. seen
to occur to a such lesser extent (28,29). ,

In the circle cell nttlch-.nt. the liquid to be evaluated engulfs a

‘ centrally-located internal reflectarce element, usually a zinc selenide

crystal. The rediation incident on this crystal establishes a standing wave
av the surface which penetrates the tast liquid to a depth of approximately
0.1 ), depending upon the sctual liquid and crystal used (30). It i{s this
l1imited depth of radiation penetration that allows solute spectra to be
obtained in strongly absorbing solvents.

The determination of the smount of water solubilized in heptane by
reverse micelles of dfoctyl sodium sulfosuccinate was very successful.
Calibration plotas of absorption peak ares vs. concentration (a typical plot
is shown in Figure 3) were quite linear. The correlation coefficients wvere
greater than 0.99 in all cases. It appears from these plots that the method
would be useful! down to approximately 0.25% v/v water, although standards of
this concentration were not prepared. The use of this technique to
quantitate water in w/o emulsions of potentisl use {n the formulation of
barrier creams is being explored.

A change in priority resulted {n the suspension of this work.
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o-lodosobenzoic Acid Catalysis

Introduction

Exposure to chemical threat agents can occur in many ways. Direct
exposure in a battle situation is obvious. Exposure can also occur indirect-
ly, as in a mechanic working on an dirplane or tank that has returned from
the battle area. While protection against direct exposure is best accom-
‘plished by appropriate apparel, such apparel {s not always realistic for
personnel operating in a secondary exposure type of environment. In such
casés, it would be desirable to have a topical formulation which would pro-
tect against skin exposure for a reasonable period of time and then be readi-
ly removed (2). '

The o-iodosobenzoic -acid (IBA) - catalyzed decomposition of esters and
phosphonates in micellar medisa is of interest to USAMRICD because many ester
and phosphonate hydrolysis rates can be greatly incresased (31-35). ‘Tncluded
in the list of compounds for which such acceleration in decomposition has
been observed are the chemical threat agents sarin, soman and tabun
(31,32). Preliminary attempts at formulating a micellar preparation contain-
ing IBA that was suitable for topical application were not successful. In
all cases, severe dermal irritation was observed using the rabbit modal
(2). Presumably this irritation occurred as a result of the cationic. surface
tants thought to be necessary for IBA activity. It was decided that the
investigators at Iowa should assist in this project and that the initial
experiments should concentrate on surfactants and model phosphonates for
which hydrolysis rate information was asvailable. Work would subsequently
. center on finding other surfactant or physical systems that would show equal
or greater catalytic activity, but, when formulated into topical dosage
forms, would have lesser dermal toxicity.

As {llustrated by structures la and 1b in Figure 4, part A, IBA is
tautomeric. It has been found that structure ib is the predominate form in
aqueous solution, a finding which is svbstantiated by the abnormally high
pK‘ (~7) reported for this benzoic acid derivative (33,34).

Deprotonation of structure 1lb gives a nucleophilic 1-0 anion (structurs lc¢)
at approximately neutral pH.

Figure 4, part B, shows the accepted reaction scheme (33) for IBA and
diisopropyl fluotophosphato (DFP), the model compound selected for this
work. The nucleophilic attack on DFP by IBA is assumed to be the rate-l1imit-
ing step. A subsequent nucleophilic attack by hydroxide ion on the IBA-phos-
phate intermediate generates the la form of IBA. Loss of a proton by re-
establishment of the expected acid-base equilibrium of IBA regenerates the
original nucleophile (structure ic). This reaction scheme indicates that
IBA behaves as a true catalyst, an assumption which has been experimentally
verified for DFP (31,32) as well as many other compounds (31-35).

The catalytic activity of IBA has only been observed in systems contain-
ing cationic surfactants (31,33-35) or in systems in which the hydroxide
counterions on quaternary ammonium derivatized hydrophobic polymeric resins
were exchanged for IBA (32, exact resin unspecified). Presumably the polar-
nonpolar interface provided by such systems allows both IBA and the sub-
strate to be present in higher concentrations than in the aqueous bulk
(33). Although this view is commonly espoused, it has not been proven.



Figure 4. Reaction Scheme for IBA.
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Experimental Methods

Various concentrations (0.0010, 0.0020, 0.0040, 0.0070, 0.0100, and
0.0200 M) of cetylpyridinium chloride (CPC, Sigma Chemical Co., Inc.,
St. Louis, MO) were prepared as 1822 mL batches in 0.055 M phosphate buffer
(pH = 7.50). Solutions (0.00010, 0.00020, 0.00030, 0.00040, and 0.00050 M)

‘of IBA (Sigma Chemical Co., Inc., St. Louis, MO) were made using the ‘above

surfactant solutions. All five IBA concentrations were employed for each
surfactant concentration. Two hundred (200) milliliters of the desired
solution was then placed in a polypropylene flask. This flask was put in a
water-jacketed glass beaker in order to maintain the solution temperature at
25.0 + 0.2°C and the contents of the flask were magnetically stirred.

When thermal equilibrium had been achieved, a quantity (35 ulL) of DFP (Sigma
Chemical Co., Inc., St. JTouis, MO) sufficient to make a 0.0010 M solution

was added by syringe and concentration measurements iiore immediately initiat-.
ed.

DFP hydrolysis was followed by determining the quantity of frees fluo-
ride ion appearing in solution as a function of time. This determination
was made with an Orion Model 96-09-00 (Orion Research, Inc., Cambridge, MA)
fluoride fon electrode (which was left in the test solution throughout the
run) and a Corning Model 150 pH/mV meter (Corning Medical and Scientific
Instruments, Medford, MA). Fluoride ion calibration curves were prepared by
dissolving various amounts of sodium fluoride (Fisher Scientific, Chicago,

‘IL) in pH 7.50 phosphate buffer to make solutions that were 0.0000100 to

0.00100 M in fluoride ion. The solution that was 0.00100 M in free fluoride
ion was set to 0.0 mV and the potentials of the other solution concentra-
tions were measured relative to this valua.

Results and Discussion

A typical fluoride ion calibratisn plot is shown in Figure 5. This
plot demonstrates the excellent linenrity (correlation coefficient=0.9997)
obtained with this system over two orders of magnitude of fluoride ion con-
centration. : '

To this point the work has only involved one surfactant (CPC) and cne
test compound (DOFP), but a substantisal number of conditions have been inves-
tigated. Plots of Ln (DFP) vs. time were generally linear through two and
one-half half-lives (example plots arse shown in Figuras 6-10). Occasional-
ly, nonlinear behavior was observed after as little as one half-1ife. This
premature nonlinearity did not. seem to correlate with either CPC or IBA
concentration and its cause is unknown at this time. The fluoride ion elec-
trode used in the analysis is stated to be nonresponsive to chloride ion.
The electrode does respond to hydroxide ion, but the same buffer solution
was used to dissolve the NaF for the calibration standards as that used for
sample preparation. In the interest of quickly evaluating as many sets of
experimental conditions as possible, the NaF standard solutions were pre-
pared without CPC. Since fluoride ion can function as a counterion for the
surfactant and since the eloctrode responds only to free fluoride ion, it is
possible that this behavior is responsible for the occasionally observed
nonlinearity. Although this is currently being checked, it seems reasonable
to assume that all plots would have exhibited deviation from linearity if
this phenomenon had been responsible. It may well be that this problem is .
an experimental artifact and not a systematic error.
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If the nucleophilic attack of IBA on DFP is the rate-limiting step in
the hydrolysis of DFP, then the hydiolysis would be expacted to follow sec-
ond-order kinetics and would be described by the relationship:

2dIDFPL & [ 1A) (DFP) (1)
where the brackets indicate concentration, t is time, and k is the chond-or-
der rate constant, Since IBA behaves as a true catalyst, the concentration
of IBA does not change during the course of the reaction and equation 1 can
be rewritten:

~d[DFP] _- ' ' '
dat kapp [ DFP) (2)
. where k is equal to the product of the second-order rate constant and

the IBA®BBncentration. It can be seen from equation 2 that the decomposi-
tion of DFP should now foliow first-order kinetics and the reaction is re-
ferred to as being pseudo first-order. The integrated form of cqua;iop 2 is:

' Ln[DFP] = Ln[DFP]° - kappt ‘ . (3)
where [DFP] 1s the concentration of DFP at time equal to zero. Equation
3 1nd1cates°that a plot of Ln[DFP] vs. time should yleld a straight line and
the obtainment of a straight line through ‘at least two half-iife periods
provides verification of the reaction order. It can also be seen from equa-
tion 3 that the slope of the straight line obtained is equal to -kapp:
Since plots of Ln[DFP] vs. time were generaliy linear through at least
two and one-half half-lives, a straight line was fit to the linear portion
.of each plot by least-squares regression analysis and the apparent rate.
constant for hydrolysis was obtained from the slope of the fitted line. The
rate constants so obtained are listed in Table I. The rate constant for
. decomposition of DFP at 25°C in pH 7.50 phosphate buffer containing 0.0200 M
CPC and no IBA was 3.00 x 10°? min~! (half-life equal to 231 min.). A
plot of k: vs. [CPC] for five different 1BA concentrations demonst;ates
the'expecgga behavior (Figure 11) for this type of system. The rate con-
stants for DFP decomposition can be seen to ‘ncrease as a function of total
micellar surface area for all IBA concentrations. It appears that this
effect reaches a plateau in the vicirity of a 0.01 M CPC concéntration. A
plateau in reaction rate constant beginning at a surfactant concentration of
about G.01 M was also observed (31,32) for cetyltrimethylammonium chloride
(CTAC). Since the latter studies used different substrates, this agreement
is probably fortuitous. It would be expected that the position of the pla-
, teau would depend upon the molar volume of the substrate, the three-dimen-

sionai structure of the substrate as it affected packing in the micelle, and -

the actual concentration of substrate used.

In Figure 12 the apparent rate constant for DFP hydrolysis is plotted
as a function of IBA concentration f~- six different CPC concentrations.
For CPC concentrations of 0.0070 M o1 less. the hydrolysis rate constant
increases linearly as a function of IBA concentration (correlation coeffi-
cient=0.997). This behavior has also been observed (33) for the IBA-cata-~
lyzed decomposition of 4-nitrophenyl diphenyl phosphate in a cetyltri-
methylammonium bromide microemulsion. The data for CPC concentrations of
0.0100 and 0.0240 M are confusing. At a concentration of 0.0100 M CPC, the
. data appear to be approaching a plateau in a first-order manner. The data.
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Table I
Apparent Rats Constants| for IBA-catalyzed DFP Decomposition at 25°C

Surfactant : 1BA
Concentration Concentration Rate Constant Half-Life

(Molarity) (Molarity) ' (Min“!) . (Min™Y)
0.0010 1.0 x 10°* 6.96 x 10°? 99.6
‘ 2.0 x 10°* 1.19 x 10°? 58.3

3.0 x 10°* 1.70 x 10°? 40.7

4.0 x 10°* 2.10 x 10°? 33.1

5.0 x 10°* 2.69 x 10°? 25.8

0.0020 1.0 x 10°* 8.22 x 10°* 84.3
2.0 x 10°* 1.25 x 10°* " 5S.3

3.0 x 10°* 1.96 x 10°%" 35.4

4.0 x 10°* 2.54 x 1072 27.3

5.0 x 10°% 3.13 x 10°¢ 22.2

0.0040 1.0 x 10°* .1.09 x 10°¢ 63.7
2.0 x 10°% 1.94 x 10°* 35.8

3.0 x 10°% 2.65 x 10°? 26.1

4.0.x 10°* . 3,41 x 10°? 20.)

5.0 x to-* 4.47 x 10°! 15.5

0.0070 1.0 x 10°° 1.37 x 10 . $0.7
2.0 x 10°° 3.55 x 10°* 27.1"

3.0 x t0°* 3.61 x 10°? 19.2

4.0 x 10°* 4.66 x 10°? 14.9

5.0 x 10°* 5.40 x 10" 12.8

0.0100 1.0 x 10°* "2.00 x 10°* " 3.6
2.0 x 10°* 3.82 x 10°? 18.1

3.0 x 10°* 5.7 x 10°t 12.1

4.0 x 10°* : 6.79 x 10°? 10.2

5.0 x 10°* 7.80 x 10°? . 8.9

0.0200 1.0 x 10°Y . 2.28 x 10 30.4
2.0 x 10°° 3.11 x 10°? 22.3

3.0 x 10°Y "6.06 x 107! 11.4

4.0 x 10°" 6.27 x 10°* 11.0

5.0 x 10°" _ 8.30 x 8.4

10°2
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for 0.0200 M CPC once again look linear but with extremely high variabili-
ty. This may simply be a result of having only one run for each set of

experimental conditions. It is also possible that there is an underlying
physicochemical reason for this behavior that remains to be characterized.

Durst et al. (31) have reported a range of 715-754 seconds for the
hydrolysis half-l1ife of DFP in a micellar system containing 0.00099 M IBA
(0.0059-0.0066 M CTAC, 0.00116 M DFP; temperature, buffer, and pH unspeci-
fied but assumed to be 25°C, phosphate, and 7.5, respectively). Our closest
experimental condition was 0.00050 M IBA, 0.0070 M CPC, 0.0010 M DFP, 25°c,
phosphate buffer, and pH=7.50. For this set of conditions, the half-life
for DFP hydrolysis was found to be 768 ceconds. This result is reasonable
" in view of the different surfactants employed and the different IBA concen-
trationa

Current work is directed toward the determination of the effect of CPC
addition on the calibration plots for fluoride {fon. Subsequently, studies
of the accelerated hydrolysis of DFP by IBA will be conducted using cetyltri-
methylammonium bromide as the surfactant in place of CPC. At this point,
all data collected will be evaluateua and certain sets of experimental condi-
tions will be selected for use in determlnlng the effect of pH on the cataly-
sis.

‘ 1t will also be necsssary to start evaluating other surfactants for
catalyst system suitability. Although not definitively proven, the cationic
surfactants are presumed by these investigators to be responsible for the
dermal toxicity observed with trial topical formulations. The obvious ap-
proach i{s to conduct add{tional kinetic studies determine whether I[BA still
catalyzes the decoaposition of DFP when other surfactant systema sre sm-
plozed. ‘When experiments were carried out with various Tweens, no catalytic
activity was observed (36). Presumably, the position of IBA and/or DFP
solubilization in the micelle was changed by the absence of the chargad head
group. It may be possible to restore act{vity by adsorbing cations from
solution onto the micelle surface. If this technique is successful in re-
storing catalys{s, thers is some possibility that it might also restore
dermal toxicity. All catalytically successful systems will ba tested for
dermal toxicity using the rabbit model. Proper orientation of IBA and DFP
in the micelle might also be restored by using nonionic surfactents with
different hydrophile/lipophile balances, by selecting surfactants with dif-
ferent head group diameters, and so forth. Such experimentation will be
time consuming, since it appmars little {s known about the structural re-
quirements for the micelle axcept that quaternary amine surfactants work. A
trial and error approach will be necessary. ’

Ideally, a successful barrier formulation will be one which: provides
‘ten half-1ives of reaction in ten minutes under field cond{tions, is nontox-
ic to the skin, can be applied easily and quickly, can be readily removed
when contaminated, i{nterferes minimally with the normal physiologv ~f the
skin, does not cause corrosion or im; ~per operation of necessary field
equipmeant, and {s chemically and physically stable over a wide range of
temparature. In total, these are difficult requirements to meat and scme
compromise may be necessary. These requirements will, however, serve as a
means of selecting the bast possible formulation.
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Conclusions

Although a change in priority has resulted in the suspension of FTIR
spectrophotometry methods development, it is believed that the demonstrated
ability to analyze water in water-in-oil emulsions will be quite useful in
the future. .

As expected, the IBA-catalyzed decomposition of DFP in micellar media
was found to follow pseudo first-order kinetics. Both the concentration of
the cationic surfactant and the concentraticn of IBA were found to influence
DFP decomposition rate. A twelve-fold decrease in DFP half-life was ob-
served when a solution that was C.0200 M in CPC and 0.00050 M in IBA was
compared to a solution that was 0.0010 M 'in CPC and 0.00010 M in IBA. Since
catalytic activity is lost when nonionic surfactants are employed (36) and
since the cationic surfactants used in this work frequently cause dermal
irritation, successful use of IBA in topical protectant formulations will
require that the exact structural requirements for the micelle be determined.
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